
ISSN 2409-9392        ,  , , 2015, . 28 

 

 279

 621.317.789 
 

. . , . . , . . , . .  
    «   »  

. . , . .  
     

 
     

  
 

         
. ,      ,    

           
    .   ,   

    ,       
   ,      ,   
  .        
. 

 ,   ,   , , 
  

 
. . , . . , . . , . .  

    «   » 
. . , . .  

    
      

 
        

 . ,      
,          
         

.   ,       
,         

,    ,   
 .       

. 
 ,   ,   

, ,   
 

.         
       .    

     13109-97 [1]    . 
         

 ,       , ,  
,    .  

  .        
        

( )   [1].  
 
 

___________ 
© . . , . . , . . , 2015 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 280

     : ,   
 ( - , -   ).    

       .  
 ,         

    ,    
.         .  

    ,     
         

.          
  ( ) [2-5].      
, ,   ,     

.  
 ,        

. ,     -    
    .  

 .       
     .  

  .    ,  
       ' ,  

    [6],    -  
         

 , ,     -     U 
   

Uyxyxyx
n

nn ,,,
3

1

, 

 
T

xxxx 321 ,, , 
T

yyyy 321 ,, ; ny  –     ny   

 xxx , . 
          

   . ,  [7], '      

    
T

UUUU 1
3

1
2

1
1

1 ,,      

 
T

UUUU 2
3

2
2

2
1

2 ,,       , , ,   
   

12 AUU ,                                                          ( 1)                
  A  –    , 

333231

232221

131211

aaa
aaa
aaa

A . 

 ’         ,   
12 AUU ,                      (2) 

 U 1 –    ; 
T

UUUUUUU 1
1

1
3

1
3

1
2

1
2

1
1

1 ,, ,                                           (3) 
     U 2 –    ; 

T
UUUUUUU 2

1
2
3

2
3

2
2

2
2

2
1

2 ,, .                                 (4) 
  (3)  (4)  



ISSN 2409-9392        ,  , , 2015, . 28 

 

 281

          11 UJIU , 22 UJIU ,                                          (5)        
 

 
001
010
100

I ,                                                              (6) 

           
100
001
010

J                                                                (7) 

     (2), : 
12 UJIAUJI . 

,   (2) : 
12 AJUJU .                                                            8) 

 (1)   J   
12 JAUJU .                                                             (9) 

    (8)  (9), : 
11 JAUAJU .                                                          (10) 

  (10)      1U , 
 AJJA . 

 ,       J ,  
 (7),   .     ,  
     . 

  [8],    ,     
,       U . , 

      :  

Ue
3

1 ,                                                           (11) 

Ue
3

1 ,                                                          (12) 

 00 3
1 Ue ,                                                 (13) 

 
T

jj eeU 3/23/4 ,,1 ;                                                                                         (14) 

 
T

jj eeU 3/43/2 ,,1 ;                                                                                             (15)  
T

U 1,1,10 .                                                                                                            (16) 
 , : 

               UAU ,                                                        (17) 
             UAU ,                                                         (18) 

000 UAU , 
 0,,  -    .  ,   
          

     
        ,*UUA                                                         (19) 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 282

 TeeeU ],,[ 0 ; 

0

; 

TUU * . 
 0,, eee    U       

       .   
    1U      [7]  

  )(3 0
' eeeU ,                                               (20) 

 

,,
3

1

,,
3

1

,,
3

1

0
1

1

1

eU

eU

eU

  

-  ,  ,    .  
 (11) - (16)  (20)     :  

0
1 UUUU ,                                                  (21) 

   ,, , : 

,,
3
1

,,
3
1

,,
3
1

0
1

1

1

UU

UU

UU

 

        (5)  (21)   
,1 bUaUU                                                    (22) 

 6/3 jea  -    ; 
6/3 jeb  -     . 

  (22),   (2)   
  bAUaAUU 2 ,                                                    (23) 

   (17)  (18) : 
                                          UbUaU 2  

      ,    
 .  

     .   ,  
   ,      . 

,     ,    
(19)    ,      1U ,   

           , 
  U .    ,     (17)  (18), 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 283

  ,         
    

2,0,je , 

0 . 

     ,       0 ,     
. 

       +,   
    

  

0

0

je
UA .      (24) 

,          ,  
  .  

   ,    +      
 [7].  ,         

      .  
 ,     ,   

     (     )   
   0  ( .  (24))       
 +. 

          
[5],     . 1. 

 
 

 1 –     
 

           

        

112

121

121

2121 01
10

01
1

RCRR
CRRR

CRRR

CRRRR
p

p

p

p

 

  -  .  

   +    



ISSN 2409-9392        ,  , , 2015, . 28 

 

 284

112

121

121

2121 01
10

01
1

RCRjR
CRjRR

CRjRR

CRRjRR
,      (25) 

  -  .  [5]     ,   

  21 2RR ,                                                             (26) 

  
10

3
R

C ,                                                            (27) 

 0=2 f0.   f0 –   .  (26)  (27)  (25), : 

10
2
3

2
1

2
3

2
110

0
2
3

2
11

2
1

2
33

1

0

0

0

0

j

j

j

j

.  (28) 

 ,         
     

66

66

66

0

0

0

3
1

0 jj

jj

jj

ee

ee

ee

. 

   
0

 ,      

(19).    
0

 ,   

  U
e

U

j

1
0

3

0
     (29) 

 (24)  (29),   ,    , 
    . 1,        

 ,    
  A

0
.                                                        (30) 

         
         .  



ISSN 2409-9392        ,  , , 2015, . 28 

 

 285

          
  

  
0

0                                                               (31) 

   (28)     .    (30)  
 

  2
6

32
OJIeA

j

,                                             (32) 

  2O   ,      2. 
         .   

 (32)    ,     
-   ,   

  JIeA
j

32

6
.                                                (33) 

   ,  '    
             . 

   (23)       +,   
(33).    

UJIeAUJIeAaU
jj

3232

66
2 .                             (34) 

,    (29)  (30)  : 

  UeUA
j
3 ,                                                     (35) 

  0UA ,                                                            (36) 

 0=[0, 0, 0] .  ,  ,   

  UeUJI
j
63 ,                                                 (37) 

  UeUJI
j
63 ,                                                 (38) 

 (35)-(38)  (34), : 

  UUJIeeaU
j

j

2
1

2

3
32 .                                    (39) 

   (39)  ,    

  a ,                                                                 (40) 

, ,   (39)      



ISSN 2409-9392        ,  , , 2015, . 28 

 

 286

  UeeaU
j

j

2

3
32 ,                                                    (41) 

      0,05%. 
 (41) ,          

  
2

3/2

2
1

1 U
e

aU
j

, 

  ,    .  
 

2
1

3/2je
I  

-      ,    
  . 

  '         
 + ( . 2)    ,      

     . 
 

+ + 

U1 U2
U3

 
 2 – -           

 
  +   ,     

        -  
 ( )  

2
1

1
3/2je

.                                                     (42) 

 ,         
         ,    

 (42).  
,  (42),       ,   

 +       .       
 (42)    ( ),        

        + . 
     .  

  ,    +      +    
  .     

00
K , 

00
K , 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 287

 . 

     (42)    : 
  1

0
K ,                                                             (43) 

  
04

1
0

K .                                                       (44) 

,    ,    (43), (44)  
    . 

 [9]       

221 T
KK , 

 ,  -       .  , 

  
2
0

210 T
KK ,                                                   (45) 

  2/32
0

2

0
2

10 T

KT
K .                                                 (46) 

 (45), (46), (43)  (44)       
  : 

  

03 22
0

2

2
0

2
0

2

4
1

1

1
1

T

TK
T
K

.                                                   (47) 

 ,      ,   
  

  0T .                                                                (48) 

   (47)      (48)  
      : 

  
3

2K ,                                                                (49) 

  
03

1T .                                                               (50) 

         , 
    (49)  (50),    ,   

 1. 
 

 

 

 

 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 288

 1 –           

          
48.0 0.9901515 0.999999 
48.2 0.9911225 0.999999 
48.4 0.9920967 0.999999 
48.6 0.9930740 0.999999 
48.8 0.9940543 0.999999 
49.0 0.9950376 0.999999 
49.2 0.9960240 0.999999 
49.4 0.9970135 0.999999 
49.6 0.9980060 0.999999 
49.8 0.9990015 0.999999 
50.0 1.000000 1.000000 
50.2 1.001001 0.999999 
50.4 1.002005 0.999999 
50.6 1.003013 0.999999 
50.8 1.004023 0.999999 
51.0 1.005037 0.999999 
51.2 1.006053 0.999999 
51.4 1.007072 0.999999 
51.6 1.008095 0.999999 
51.8 1.009120 0.999999 
52.0 1.010148 0.999999 

 

 . 1 ,        
      ,  
      48.. .52 ,  1,01%  0,001%. 

     [10,11]   
   ,      .3. 

 

1 3 4 5

2

I I  
 

 3 –       
 

  : 1 -  ; 2 -     ( ); 
3 -  ; 4 -    ( ); 5 -  . 

  3        .4. 
   R1, R2  C   : 

03
12,

3
2

2
1 CR

R
R . 

 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 289

 

 

R1

R2

-
U  

U  

+

 
 

 4 –     

   .3       
          .  

  3     1     
.         

     4,        
         

 .   5       
    ( )     

  . 
.  ,      

 ,          
    ,    

 .       
     . 

 
  

1.         :  
13 109-97.  .  – [   01.01.2000-01-01]. – .: -  , 
1998. – 31 . 

2. . . 718810  , 3 G 01 R 29/16.       
/ . . , . .  ( ). –  25557685/18-21; . 23.12.77;  . 

28.02.80.  .  8.  
3.  . . 1105833  , 3 G 01 R 29/16.   / . . , 

. .  ( ).  –  2627663/18-21; . 02.06.78; . 30.07.84,   .  28.  
4. . . 1415206  , 3 G 01 R 29/16.     

/ . . , . . , . . , . .  ( ).  –  4160608/24-21; . 
12.2.86; . 07.08.88, .  29.  

5.  . .    /  . . – .: , 
1963. – 276 .   

6. . . .    / . . , . . , . . , . . . – .: 
, 1989. – 527 . 

7.  . .   /  . .,  . . - .: , 1984. – 294 . 
8.  .     /  . – .: , 1976. – 560 . 
9.  .   /  .,  . – .: , 1983. – 512 . 
10.      :    /  . ., 

 . .,  . .  . –   . –   
018600051782;  .  02890030560. – ., 1989. – 48 . 



ISSN 2409-9392        ,  , , 2015, . 28 

 

 290

11.  . .      /  . ., 
 . .,  . .,  . .//   « », :   

. – 2010. –   21, – . 111-116. 
 

Vasil Kalinchyk, Oleksandr Petrov 
National Technical University of Ukraine “Kyiv Polytechnic Institute” 
Petro Pleshkov 
Kirovohrad National Technical University 
Improving the accuracy for positive-sequence voltage measurement 
 

The article describes the principles for plotting measurement transducers of positive-sequence voltage. 
It is shown that the optimal solution is integrated designing devices which release the positive-sequence voltage 
by using sequence voltage filters with sequential digital conversion and processing information. It is suggested to 
input in a scheme of a canonical sequence voltage filter for positive-sequence voltage a corrector, built on the 
basis of a first-order lag block.  

The filter is allowing virtually eliminate errors caused by frequency deviation voltage. A universal 
transducer to control stress levels is synthesized. 
voltage quality, positive-sequence voltage, sequence filter, corrector, measurement transducer 
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